The LoopPoint methodology

In the gem5 Simulator
Zhantong Qiu
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What is sampling?
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What is the SimPoint methodology?
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The execution of the program is broken down into a

number of intervals.
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It uses the k-mean clustering algorithm to cluster the intervals

Into k clusters. Each cluster has one representative interval.
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By performing detailed simulations on the representative interval of the
clusters and applying weights to their IPC, we can predict IPC of simulating the
whole program.
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SimPoint Predict IPC
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Examples of using the SimPoint methodology can be
found under the gem5 directory:

vV gem>5

VN NV

N

VOV VNV NV NV NV

build_opts
build_tools
configs
ext

include

site_scons
Src
system
tests

util

Vv configs
boot
common
deprecated
dist

dram

G/ NN A

example

> arm

Vv gem5_library

v checkpoints

@ riscv-hello-restore-checkpoint.py
@ riscv-hello-save-checkpoint.py
@ simpoints-se-checkpoint.py

® simpoints-se-restore.py



Limitation of SimPoint

e Unit of Work

e Execution Point Marker
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Limitation of SimPoint LoopPoint

e Unit of Work e Using the number of loops iteration
as the unit of work

e Execution Point Marker
e Using the PC Count pair as the
execution point marker



The LoopPoint methodology:

Thread 1

Thread 2

Thread 3
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The LoopPoint methodology:

(A,1)  (B,100) (A,100) (C,1) (A, 200) (B,300) (C,100) (A,350) (A,400) (C,500)

Region PC Count
1 A 1

2 B 100

3 A 100

4 C 1

5 A 200
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(A,1)  (B,100) (A,100) (C,1) (A, 200) (B,300) (C,100) (A, 350) (A,400) (C,500)

TEPpN
total runtime = Z runtime; X multiplier;

1=Trep1
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Source: Sabu et al., “LoopPoint: Checkpoint-driven Sampled Simulation for Multi-threaded Applications”, HPCA 2022



How to perform LoopPoint in gems?

*

(A, 1) (B,100) (A,100) (C,1) (A, 200) (B,300) (C,100) (A,350) (A,400) (C,>500)

Region PC Count
1 A 1

2 B 100

3 A 100

4 C 1

5 A 200
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The LoopPoint JSON file

RS Y T T

region id
| detailed interval ' | regional count
| [ crart | I
| | | pe ! =
| | | global |
l l |__ regional I | global count
| |  end ¢ |
[ |__ pc I I
| | global
| | regional | ‘
[_ warmup # optional to region
| |
l
[ | global
l warmup detailed detailed
|_ multiplier start interval interval
start end
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The LoopPoint JSON file

region id

l
l
!
l
[
i
[
i
.
l
[
i
I
P

detailed interval
S tart
l |__ pc
| | global
| | regional
|  end
|__ pc
| global
| regional
warmup # optional to region
| start
|__ pc
| global
multiplier

' | regional count
|
| I<
|
|
I : global count
|<
|
| y
| \/
detailed detailed
interval interval
start end
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The LoopPoint JSON file

region id
detailed interval
start
| pc
| global
| regional
end
| pc
| global
| regional
warmup # optional to region
| start
| pc
| global

___ multiplier

"1 |
"detailed interval": {
"start": {
“pc": #4221392,
"global": 2110876617,
"regional”: 15326617
H
"end": {
“pc": #4221392,
"global": 2196060252,
"regional”: 23310252
}
H
"multiplier": 4.0,
"warmup”: {
"start": {
“pc": #4221056,
“count": 23520614

edcembd

"2

"detailed interval": {
"start": {
"pc": #4206672,
"global": 1
}.
"end": {
"pc": #4221392,
"global": 6861604,
"regional": 6861604
}
}.
"multiplier": 1.0



How to take checkpoints for LoopPoint sampling?
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The process is similar for running the region
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Examples using the LoopPoint methodology can be found
under the gemb directory:

wn

v ogem

g Vv configs

> b > boot

2> build_opts > common

> build_tools > deprecated

> configs > dist

> ext > dram

> include Vv example

> n > arm

> site_scons v gem5_library
> Src > checkpoints
> system > dramsys

> tests v looppoints
> util @ create-looppoint-checkpoints.py

gsgel i |5 @ restore-looppoint-checkpoint.py



Other use case

e The LoopPoint module uses the PcCountTracker to track the PC count pairs.

e PcCountTracker will raise an exit event at all the inputted PC Count pairs.

e For example, if we want to stop at 0x40086 when it has been executed 100
times:

from m5.params import PcCountPair
from m5.objects import PcCountTrackerManager
from gem5.components.processors.simple processor import SimpleProcessor

A
D
n
I

_______ SimpleProcessor(
cpu_type=CPUTypes . TIMING,
isa=ISA.X86,
num_cores=9,

target_pccountpairs = [PcCountPair(0x40086,1060)
o 2 ™

manager = PcCountTrackerManager()
manager.targets = target pccountpairs
for core in processor.get cores():
core.add pc_tracker probe(target pccountpairs, manager)



Other use case

e The LoopPoint module uses the PcCountTracker to track the PC count pairs.
e PcCountTracker will raise an exit event at all the inputted PC Count pairs.

e For example, if we want to stop at 0x40086 when it has been executed 100
times:

from m5.params import PcCountPair
from m5.objects import PcCountTrackerManager
from gem5.components.processors.simple processor import SimpleProcessor
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SimpleProcessor(
cpu_type=CPUTypes . TIMING,
isa=ISA.X86,
num_cores=9,

target_pccountpairs = [PcCountPair(0x40086,100) ]

manager = PcCountTrackerManager()
manager.targets = target_pccountpairs
for core in processor.get cores():
core.add pc_tracker probe(target pccountpairs, manager)



Other use case

e The LoopPoint module uses the PcCountTracker to track the PC count pairs.

e PcCountTracker will raise an exit event at all the inputted PC Count pairs.

e For example, if we want to stop at 0x40086 when it has been executed 100
times:

from m5.params import PcCountPair
from m5.objects import PcCountTrackerManager
from gem5.components.processors.simple processor import SimpleProcessor
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_______ SimpleProcessor(
cpu_type=CPUTypes . TIMING,
isa=ISA.X86,
ﬂJW_CbFESZE)

target_pccountpairs = [PcCountPair(0x40086,100) ]

manager = PcCountTrackerManager()
manager.targets = target pccountpairs
for core in processor.get cores():

core.add pc_tracker probe(target pccountpairs, manager)



Summary



Future works

e LoopPoint Analysis in the gem5 simulator is on the way

o More information about its current status can be found:

https://qithub.com/darchr/gem>5/tree/looppointAnalysis

e Combine regions runs and improve statistic process


https://github.com/darchr/gem5/tree/looppointAnalysis

